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Currently, municipalities that own nuclear power plants use evacuation simulation models to 

formulate evacuation plans for nuclear disasters. However, in the existing evacuation simulation 

model currently in use, consideration of events specific to nuclear disasters such as exposure dose 

of evacuation demand is insufficient when reproducing the time of nuclear disaster. Moreover, 

since the simulation result is largely influenced by the assumed evacuation behavior, It is the 

result when assuming limited evacuation behavior. 

In this research, we propose an evacuation demand optimum allocation model that provides the 

most efficient evacuation scenario at nuclear disaster, assuming normative evacuation behavior. 

This model corresponds to nuclear disaster. Therefore, find the optimum allocation of evacuation 

demand per hour to minimize the total exposure dose at evacuation of evacuation demand. Also, 

evacuation route of evacuation demand is not the shortest route but calculation as minimum 

exposure dose route route. 

This model was applied to the network around Kashiwazaki, Niigata prefecture, and simulation 

was carried out. The target for OD data area was the PAZ area (within a radius of 5 km from the 

nuclear plant). The origin and the end point of each evacuation demand were prepared using the 

evacuation plan at the time of nuclear disaster in Kashiwazaki City and Kariwa Village. I also set 

the dose for each road based on the simulation results of radioactive material diffusion simulation 

using "SPEEDI" published by Niigata Prefecture in Heisei 27th. 

As a result, it found that the minimum exposure dose path rather than the shortest path is 

effective. Also, the maximum exposure dose for each evacuation demand was 2.2 (mSv) which is 

less than the specified value of 20 (mSv). Therefore, evacuation can be possible with all the 

evacuation demands being less than the specified value of exposure dose. 

As a future task, it is necessary to consider the simulation conditions not only in the PAZ area 

but also in consideration of the UPZ area within 30 km around the nuclear plant. Moreover, by 

using general simulation model, we compare the case where evacuation demand evacuates 

randomly and the case where we evacuate prescriptively calculated in this model, and examine 

and consider the results. 
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SINGLE-STAGE NITROGEN REMOVAL BY USING DOWN-FLOW 

HANGING SPONGE REACTOR WITHOUT AERATION 

Sumire Yamashita, Taiki Kataoka, Daisuke Tanikawa 

National Institute of Technology, Kure college, Kure, Japan 737-8506, aoiro26mo@gmail.com 

The laboratory-scale experiment for nitrogen removal from ammonia containing wastewater 

by down-flow hanging sponge (DHS) reactor was conducted. The open-type DHS reactor, 

which equipped with two sampling port, was operated as a single-stage 

nitrification-denitrification system without aeration. The effluent of anaerobic-aerobic treatment 

system treating synthetic natural rubber processing wastewater was used as an ammonia 

containing wastewater. The ammonia concentration and the COD/N ratio of the wastewater 

were 82.1 mgN/L and 1.5, respectively. 

The experimental period was divided into three phases. In phase 1, only the wastewater was 

supplied to DHS reactor. On the other hand, the sodium acetate solution was fed to the DHS 

rector as carbon source to enhance denitrification reaction in phase 2 and 3. The COD/N ratio 

was increased to 4.64 on average in these phases. The feeding part of the sodium acetate 

solution in phase 2 and 3 were inlet port and sampling port 1 (approximately 1/3 of flow 

distance from the inlet port) of the DHS reactor, respectively. 

In phase 1, the DHS reactor achieved 36.6% of ammonia removal. However, total inorganic 

nitrogen concentration was not reduced. In this occasion, almost equivalent amount of removed 

ammonia was oxidized into nitrate. In addition, pH of the final effluent dropped to below 5.0. 

Therefore, complete nitrification was occurred and lack of alkalinity for nitrification was 

confirmed in phase 1. In contrast, 35.6% of total inorganic nitrogen was removed in phase 2. 

Furthermore, pH of the final effluent kept higher than 6.8. These results indicated that ammonia 

was oxidized to nitrite and nitrate, then nitrite and nitrate promptly were consumed by 

denitrification in the DHS reactor. In phase 3, total inorganic removal increased to 52.7%. 

Therefore, the DHS reactor can be applied as single-stage nitrification-denitrification system by 

separating nitrification and denitrification to upper part and lower part of the DHS reactor, 

respectively.  
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For the treatment of the aquaculture effluent, ammonia is the most considerable pollutant 

because of its toxicity for fish. On the other hand, the toxicity of ammonia can be reduced by 

oxidizing to nitrate. In addition, both ammonia and nitrate become nutrients for the plants. In 

this study, laboratory scale experiment for treatment of aquaculture effluent by using the 

combination system of a down-flow hanging sponge (DHS) reactor and a hydroponic culture. 

The proposed system consists of an aquarium with a volume of 120L (water volume of 80L), 

a hydroponic cultivation bed (HCB) with a volume of 9L and a DHS reactor with a volume of 

1.4L. As a model of aquaculture and hydroponic plant, Cyprinus carpio and Cupsicum 

frutescens were selected, respectively. The water in the aquarium was pumped up to the HCB by 

the submergible pump. Then, the effluent of the HCB flowed down to the DHS by gravity. 

During the experiment period, the water was supplied to the aquarium for only refilling the 

evaporated amount of the water. 

At the beginning of the experiment, concentration of nitrate increased to 42 mgN/L and pH 

decrease to 5.6. In this occasion, ammonia concentration also increased to 1.94mgN/L. Thus, 

sodium acetate solution was added to the aquarium to enhance denitrification in the DHS reactor. 

In consequence, pH recovered to 7.4 and ammonia concentration decrease to 0.88mg/L. 

Thereafter, ammonia concentration in the aquarium kept below 1.5 mgN/L by addition of 

sodium acetate solution when pH dropped to below 6.0. These results indicate that addition of 

carbon source to the aquarium has a beneficial effect on not only denitrification, but also 

nitrification by increasing of the pH. Furthermore, approximately 40% of total inlet nitrogen 

was converted to the fruits of C. frutescens by addition of dipotassium hydrogenphosphate 

solution as source of phosphorous and potassium. In addition, the amount of revenue by selling 

C. frutescens can cover the operation cost for the proposed system. Therefore, the proposed 

system had advantages over the other systems for treatment of aquaculture effluent. 
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Natural rubber-industry is one of main agro-industry in the Southeast Asia. From the 

wastewater treatment system of this industry, greenhouse gases such as methane and nitrous 

oxide are emitted to the atmosphere as an environmental problem. 

In this study, laboratory scale experiment of natural rubber industrial wastewater treatment by 

using the combination system of an anaerobic baffled reactor (ABR) and down-flow hanging 

sponge (DHS) reactor (ABR-DHS system)  was conducted to evaluate the process 

performance and the characteristics of greenhouse gas emissions. In addition, the effect of air 

supply amount to nitrogen removal and nitrous oxide emission in the DHS were evaluated. 

During the experiment period, the ABR achieved 40.4% of COD removal at the organic 

loading rate (OLR) of 2.79kgCOD/(m3.d). Finally, 96.8% of COD was removed by the 

ABR-DHS system. In addition, the water quality of the DHS effluent, which were 8.19 of pH 

and 193mgCOD/L of COD on average, achieved discharge standards of both Malaysia and 

Vietnam. Emission of nitrous oxide from both the ABR and the DHS were not confirmed during 

the whole experimental period. Therefore, the ABR-DHS system can be applied to natural 

rubber industrial wastewater treatment system with low greenhouse gases emission. 

Nitrogen removal in the DHS decreased by decreasing of air supply amount. On the other 

hand, the ratio of nitrate production to ammonia removal did not greatly change by reduction of 

air supply amount. Therefore, it suggested that the effect of the air supply amount on the 

nitrogen removal in the DHS is largely related to volatilization of ammonia. 
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The heating temperature which is compatible with safety and palatability in sous-vide 

cooking method was investigated. In general, heating conditions exceeding 65 °C are 

recommended for sous-vide cooking. The reason for this temperature recommendation is to 

ensure safety. However, at 65 °C, actin, which is a myofibrillar protein that constitutes livestock 

meat, does not denature, but another one, myosin is denatured. Myosin has about 3 times the 

abundance of actin as a myofibrillar protein and contributes greatly to juiciness. In other words, 

cooking at 65 ° C or lower leads to eating delicious meat. However, there is no report that 

simultaneously examined the viability of pathogenic microorganisms under heating conditions 

of 65 °C or less. Therefore, at 65 °C or lower, the relationship between heating temperature, 

time and safety is unknown. Consequently, the inactivatable temperature of the pathogenic 

microorganism group (e.g. Salmonella, Campylobacter, etc.) in the livestock meat was 

experimentally investigated.  

This experiment was carried out by incubation and detection of coliform bacteria group 

present on the surface of livestock meat on desoxycholate agar medium. As a result, the survival 

curve of Figure 1 was obtained. Decrease in Colony Forming Unit (CFU) occurred around 

46 °C. It was confirmed that it decreased approximately 2 log (99%) by heating for 30 minutes 

at the same temperature. Therefore, it was suggested that inactivation of pathogenic 

microorganisms derived from livestock meat (e.g. Salmonella bacteria) is possible by heating 

above the same temperature. In other 

words, it may be possible to cook at 

65 °C or less while ensuring safety. 

However, inactivation temperature of 

hardly culturable microorganisms 

(e.g. Hepatitis E virus) cannot be 

examined by agar culture method. 

Therefore, the inactivation 

temperature of these hardly 

culturable microorganisms (virus, 

protozoa) is currently being 

investigated using DNase-treated 

Q-PCR method. 

Fig.1.Survival curve of pathogenic microorganisms 
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Applications of silk fibers for adsorption of metal ions have been attempted as a special 

interest for environmental and recycling issues.  The silk protein have the ammonium (NH3
+) 

and carboxylate (COO-) ions at the ends of terminals.  The carboxylate ions attract the metal 

ions, and the ammonium ions can exchange the proton (H+) with the metal ions1.  Since the 

biomass polymers such as silk have an advantage in biodegradable nature, the wasted 

adsorbents would be easily decomposed compared with artificial adsorbents such as zeolites and 

activated carbons.  The filament of the natural silk fiber is constituted of two types of proteins, 

silk fibroin (SF) and silk sericin (SS).  The fibrous SF is covered with the SS in natural raw 

silk.  In this study, we compared adsorption ability of metal ions on the SF and SS.  We also 

discussed from the viewpoints of ionic radius, charge number of ions and types of pair anions. 

The metal ions investigated were cesium(Cs+), palladium(Pd2+), and copper(Cu2+) ions.   

The raw silk were boiled in water with the detergent.  The SF was obtained by boiling the 

raw silk in aqueous solution of 5% Na2CO3 to remove SS.  The solutions of metal ion of 50 

mgL-1 were prepared by diluting the original solutions of CsCl, PdCl2, and Cu(NO3)2 with a 

concentration of 1000 mgL-1.  The 0.5 g of the silk fiber prepared was added into the solution 

and then the adsorption was carried out under shaking for 8 h in the water bath controlled at 

40oC.  The concentrations of ions of Pd2+ and Cu2+ were measured by ICP analysis and Cs+ was 

AAS analysis.   

The values of adsorption efficiency for Pd2+ was the highest among the ions employed. 

While for the Cs+ was hardly to adsorb on the silk fibers.  On the whole the removal 

efficiency of the SF slightly exceeds that of the SS.  The removal efficiency for metal ions 

were explained comprehensively by ionic radius, charge number of ions and types of pair anions. 

The effects of adsorption by the buffer solution (CH3COOH/CH3COONa) were also observed. 

The results demonstrated that the employing the buffer solution was not effective for Cs+ 

adsorption.  However, the certain improvement of adsorption for Cu2+ were observed by 

employing the buffer solution.  These behaviors suggested that the adsorptions were affected 

by pH and by Na+ from the buffer solution which would be preferentially adsorbed to the SF. 
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An anaerobic bioreactor is widely used for several wastewater treatments due to low-energy 

requirement and methane gas production. In particular, an upflow anaerobic sludge blanket 

(UASB) reactor has been widely used in the world. For success of wastewater treatment using the 

UASB reactor, well-developed microbial aggregation (granule) with good settling property is 

required. However, sludge washout (bulking phenomenon) from the reactor is often occurred 

during the operation, and the bulking causative factors are still unknown. In this study, we focused 

on our laboratory-scale UASB reactor treating phenol wastewater (1,000–4,000 mgCOD·L-1), 

which was operated over seven years. Recently, sludge flotation in the reactor suddenly occurred, 

and the granules became much bigger size (> 1 cm as diameter) compared with well-developed 

granules (1–2 mm). Our previous studies confirmed that the inside of floated sludge has oily 

characters without a hollow, and the sludge could not settle at the bottom of measuring cylinder 

by sludge volume index test. In addition to our results, previous studies confirmed using 

molecular- and cultivation-based approaches that specific microorganisms in granules cause 

bulking phenomenon [1, 2]. Therefore, in this study, to understand microbial interactions for 

formation of overgrown granules, we attempt to detect the bulking-causative microorganisms 

using high-throughput DNA sequencer and fluorescence in situ hybridization techniques. By these 

approaches, we attempt to observe ecological, taxonomic, and morphological information in the 

bulking sludge. 
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Kanpyo a type of gourd, is a specialty product of Tochigi prefecture. It is mainly sold 

in a dried and string-like form which it is shaved into thin pieces and dehydrated. 

Kanpyo is rich in fiber and contains about 95% of water. We found out these properties and carried 

out the elemental preparation to produce a new desiccant tablet. In the previous study, kanpyo 

desiccant tablet showing water absorption capability of 50-60 wt% was conducted. 

[Tableting] First, dried shavings of Kanpyo was made into powder 

form by the mill crusher. The water absorption for the powder was 

confirmed in a sealed container at 25℃ . Next, the powder was 

pressed with a pressing machine at the rate of 3 tons in 5 minutes. 

Also, the water absorption efficiency of the tablet was confirmed 

under different humidity and temperature. 

[Results] The results showed that tablets with relative 

humidity which is higher than 40% can absorb water up to 

300 hours. Equilibrium moisture content (EMC) is shown 

based on the amount of water absorb after 300 hours at 25℃. 

Relative humidity is converted to absolute humidity to 

compare EMC with humidity. Fig. 2 shows correlation 

between EMC and absolute humidity. It was suggested that 

Kanpyo tablet may be used to control humidity by 

absorption and desorption of water. 
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Fig. 1 Kanpyo tablet 

Fig. 2 Absolute humidity 

vs EMC 
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Kanpyo is a type of gourd. Tochigi prefecture is the major production area of kanpyo, that over 

90% of domestic production are produced here. On the other hand, it is said that large amount of 

kanpyo is disposed as waste products. We then noticed the characteristic of kanpyo and its 

structure. 

[Kanpyo component] Kanpyo contain a small amount of sugar (glucose, fructose, etc.). Kanpyo 

is used as a growth material of the plant. In this study, the influence of kanpyo (natural sugar) on 

the growth of moss protonema was 

investigated. The result showed that 

0.3wt% of gourd component nutrient did 

not solidify. The dried shavings of 

kanpyo were effective for the growth of 

the moss protonema (Pohlia flexuosa 

and Racomitrium japonicum), 

especially for the primary growth of the 

plant. 

[Kanpyo structure (Absorption mechanism of dried shavings of kanpyo)] The structure is rich in 

fiber and contain 95% of water. The fiber component shows good absorption of water. Kanpyo 

shavings may be used as an absorbent in wastewater treatment, particularly with respect to treating 

heavy metals or coloring matter in wastewater. Now, we would like to further study wastewater 

containing methylene blue. 
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The peptidases belonging to the peptidase family S46 of Clan PA have dipeptidyl peptidase 

(DPP) activity that releases a dipeptide from the free N-terminal of the peptide chain. Family S46 

peptidases are widely distributed in gram-negative bacteria, such as Pseudoxanthomonas 

mexicana WO24 (PmDAPBII), periodontal pathogens Porphyromonas gingivalis (PgDPP7 and 

PgDPP11) and opportunistic infectious Stenotrophomonas maltophilia (SmDPP7 and SmDPP11). 

We had determined crystal structures of Family S46 peptidases, PmDAPBII and PgDPP11 [1, 2]. 

Substrate specificity of S46 peptidases could be determined according to the kind of amino acid 

corresponding to the 675th residue of PmDAPBII. However, substrate specificity of PgDPP7 is 

different from that of PmDAPBII, although the 675th residue of both of enzyme is same. 

Therefore, it is possible that the other residue(s) involves in substrate recognition.  

In this study, to determine the new residue(s) involved in substrate recognition, we carried out 

mutagenesis and structure analysis on the PmDAPBII. Ser679, Ser682 and Met693 of PmDAPBII 

were estimated as substrate recognition residues base on multiple alignment and structure analysis. 

These residues are mutagenized to corresponding residue of other S46 peptidases. Structure of 

the mutated enzymes was analyzed as complex with hexapeptide. As a result, S682G mutant 

(replacement to PgDPP7 residue) obtained similar substrate specificity and michaelis constant 

(Km) to PgDPP7. Therefore, we identified that Ser682 (PmDAPBII) is new residue as the substrate 

recognition residue. 
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